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Abstract

In recent years, the transformation of conventional power generation systems that rely on fossil fuels to
clean and renewable energy generation systems has gained prominence to ensure human sustainability.
Polymer electrolyte membrane fuel cell (PEMFC) is an environmentally friendly energy conversion
device that is attracting attention as a next-generation energy source due to its high efficiency and low
emission characteristics. The performance of PEMFC relies on the mass transfer of reactants, which is
strongly influenced by the flow field of the bipolar plates. Compared to conventional channel/rib flow
fields, porous flow fields have the advantages of preventing uneven pressure and water condensation in
the rib area, uniformly supplying reactants to the electrode area, and effectively discharging water. As a

result, porous flow fields have been extensively studied in recent years.

In this study, the effect of manifold size on fuel cell performance in a metal foam flow field was
investigated. The experiments controlled the relative humidity and air stoichiometry. Under high relative
humidity conditions, mass transfer losses decreased with smaller manifold sizes. However, for the
sample with the smallest manifold size, mass transfer losses increased due to limitations in water
discharge. In low relative humidity conditions, mass transfer losses were less affected, resulting
insignificant performance differences based on manifold size. Increasing the air stoichiometry improved
the performance of the sample with the smallest manifold size the most, regardless of relative humidity.
However, the performance enhancement was relatively minor under low humidity conditions. Thus, the
study confirmed that manifold size primarily affects mass transfer loss, and optimizing the manifold size

can enhance hydrogen fuel efficiency at high current densities.
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Figure 1. Schematic diagram of PEMFC

Figure 2. Schematic diagram for copper foam compression method.

Figure 3. SEM images of compressed copper foam. (a) In-plane (b) Through-plane.

Figure 4. Photographs of bipolar plates with different manifold sizes. (a) S1 (3 mm x 9 mm)
(b) S2 (3 mm x 3 mm) (c) S3 (1 mm x 1 mm).

Figure 5. Photographs of different flow field types. (a) Serpentine flow field
(b) Metal foam flow field.

Figure 6. IR-corrected polarization curves with different manifold sizes at 100% relative humidity
condition.

Figure 7. Nyquist plots with different manifold sizes at 100% relative humidity condition.
(a) 0.2 A/em? (b) 1.2 A/cm?

Figure 8. Differences in pressure drop at 1660 sccm, ohmic, charge transfer and mass transfer
resistance at 1.2 A/cm?,

Figure 9. Charge transfer and mass transfer resistance with different manifold sizes at 100% relative
humidity condition.

Figure 10. Polarization curves with different manifold sizes at 25% relative humidity condition.

Figure 11. Nyquist plots with different manifold sizes at 25% relative humidity condition.
(a) 0.4 A/em? (b) 1.2 A/em?

Figure 12. Ohmic resistance with different manifold sizes.

Figure 13. Charge transfer and mass transfer resistance with different manifold sizes at 25% relative
humidity condition.

Figure 14. Polarization curves with different manifold sizes, air stoichiometry at 100% relative
humidity condition. (a) S1 (b) S2 (c) S3 (d) Serpentine.

Figure 15. Pressure drop with different manifold sizes.

Figure 16. Polarization curves with different manifold sizes, air stoichiometry at 100% relative
humidity condition. (a) Air stoichiometry 2.0 (b) 3.0 (¢) 4.0

Figure 17. Polarization curves with different manifold sizes, air stoichiometry at 25% relative

humidity condition. (a) S1 (b) S2 (c) S3 (d) Serpentine.
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Table 1. Physical properties of copper foam.

Table 2. Specification of PEMFC and experimental conditions.
Table 3. Cell performance with air stoichiometry and manifold size at 100% relative humidity condition.

Table 4. Cell performance with air stoichiometry and manifold size at 25% relative humidity condition.
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Figure 2. Schematic diagram for copper foam compression method.



Figure 3. SEM images of compressed copper foam. (a) In-plane (b) Through-plane.

Table 1. Physical properties of copper foam.

Material Pure Cu
Cell size (um) 450
Thickness (um) 800
Compress ratio (%) 37.50
Porosity (%) 78.12
Pore size (um) 74.66
Pore volume (mL/g) 0.63




2.2. IR M
24 Z QEUN OjUSE 3707t PEMFC 450] OlXls Yake 2M57| 98) ¥e

— g

2

i

= 24 % MASHIC. MAS 22(EH2 o

M
mx

MA 25 cm?2 20| 0.5 mm?l 2R =2
LIZE 370 met M 7HX] RYELE FESIA2D, 212 S13 mm x 9 mm), S2(3 mm x
3 mm), S3(1 mm x 1T mm)&, Figure 40 LIEFLRACE Eot & & FEQ} 7|&E MY |

2 to] 45 Xo[E w=4s5t7| 2 ME =F 1.0 mm, #0| 0.6 mm(Z

oy
<
(@)
Ne}
3
3
02
oy
o

SAE A RE2E AFESIRALE =E 2l F2 €M A

1
rot
4o
=o]
HU
Elis
L]
rt
=2
ikl
o
Ot

Fen, =1 30 st OHEE 37| “HXe 85 & 725 HEoHAULL

Figure 50= &2 ATO0IAM ALETH 5KiE At REQF 5% & REE LIEILHRICEH
2 AR0A 2 M3 HEtAl(Membrane Electrode Assembly, MEA)E= GoreAto| i
UES AHESIH St Y=ol WMz 20| 04 mg/em? M= HE 25 cm?| G-type
MEA(CNL Energy, Korea)& AFEOSIRACE EEh Z[M=MES2 FH 250 umel JNT20-

A3(JNTG, Korea)E AMESIF LN, THMX|= 100 kgf-cmQ| YHE =2 X ZASHRULCE

10



Figure 4. Photographs of bipolar plates with different manifold sizes.
(a) S1 (3 mm x 9 mm) (b) S2 (3 mm x 3 mm) (c) S3 (1 mm x 1 mm).



Figure 5. Photographs of different flow field types.

(a) Serpentine flow field (b) Metal foam flow field.
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Table 2. Specification of PEMFC and experimental conditions.

Parameter Value
Active area (cm?) 25
Membrane Gore
GDL JNT20-A3
Pt loading of anode/cathode (mg/cm?) 0.4/0.4
Flow field Serpentine, Metal foam
Temperature (°C) 65
Stoichiometry of Hydrogen 1.5
Stoichiometry of Air 2.0,3.0, 4.0
Relative humidity (%) 25, 100
Tightening torque (kgf-cm) 100
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Figure 6. IR-corrected polarization curves with different manifold sizes

at 100% relative humidity condition.
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Table 3. Cell performance with air stoichiometry and manifold size at 100% relative humidity condition.

Current Density (mA/cm?)

Voltage (V) 0.8 0.6 0.4
Air stoi.
3 4 2 3 4 2 3 4
Samples

Serpentine 123.2 124.8 128.1 775 860.6 903.6 1041.8 11875 1257.8
S1 140.8 143.5 144.7 1225.2 1314.3 1364.1 1865.8 2219.2 2410.9
S2 123.8 1284 126.3 1229.7 1325.2 1363.3 | 21429  2546.2 2754.1
S3 166.8 174.6 175.2 1292.3 1495.7 1639.8 | 19904 2604 3104.2
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Table 4. Cell performance with air stoichiometry and manifold size at 25% relative humidity condition.

Current Density (mA/cm?)

Voltage (V) 0.4
Air stoi.
2 3 4
Samples

Serpentine 1132.3 1306.4 13955
S1 1641.8 1742.1 1711.2
S2 1813.0 1885.9 1845.3
S3 1883.4 2211.2 2381.9

34



2
=

25 cm?, OfL
FE20]| Hlg] &CHA

720A OiLHEE 37[0f o

=0
[=]

AL

fd
=

= 100%¢2 1

s

s

=

AH0M= =
A7 3 mMmx9mm, 3mmx3mm, T mmx1mm

£
CH

=
—

o

Ct. #2] 2 =7| 53 800 umO|A 500 um
Al

vz
=
L=

4.

4o
<r

<

0lJ

off

A

EoME

= X0|7h SIRIX| T, nHR =0l L S1, S301 H[S s29| 50| H 2=5tRALt. Of

i

te2b Al R20| Bl 22

(=3

A
T

OjL|ZE 37|0f o}

—

—

T 25%Q NEZ Z0A

s

=

CH

Al
(e}

ujJ

FONLZEE 37|19

-
o
—

OIE|RACE I

s}
=)

Aoz

!

f

£l

=

Z:
2ol

tAIZ

2

of el 4501 A ekl

I

2001 4.07}X] H

e
o

7t

=

=

=

s}

et EH|

2

|
35

°

$39

—

sto 27|
—_

FE2H|7t 3 0|0

SOk

=& =UMM OLZE 37(7F 7t

d50| s1, S20f H|g LACH 2Lt =HetFEH| Tt

0] O|5F AL,

o
of, 2t



Of Ojojgen, s39f

F

-
o
o

J=H2l &

SHOF
=l

OiLZ=E 37

-
ot

ZOoM A=HA S50 O

iT O
Z8

HRUACE oA Ag=e =AM H

36



5. 023

[1] A. Schafer, J.B. Heywood, M.A. Weiss, Energy 31 (2006) 2064-2087.

[2] Veluswamy HP, Kumar R, Linga P, Appl Energy 122 (2014) 112-132.

[3] K. Jiao, J. Xuan, Q. Du, Z. Bao, B. Xie, B. Wang, Y. Zhao, L. Fan, H. Wang, Z. Hou, S. Huo, N.
Brandon, Y. Yin, M. Guiver, Nature 595 (2021) 361-369.

[4] Fan L, Tu Z, Chan SH, Int J Hydrogen Energy 48 (2023) 7828-7865.

[5] Wang Y, Chen KS, Mishler J, Cho SC, Adroher XC, Appl Energy 88 (2011) 981-1007.

[6] Hwang, S., Lee, H.G., Jeong, Y.G., Choi, C., Hwang, I., Song, S.H., Nam, S.Y ., Lee, J.H., Kim, K.,
Int J Mol Sci 23 (2022) 14252.

[7] Qin Y, Liu G, Chang Y, Du Q, Appl Therm Eng 144 (2018) 411-423.

[8] Okonkwo PC, Ben Belgacem I, Emori W, Uzoma PC, Int J Hydrogen Energy 46 (2021) 27956-
27973.

[9] Etesami M, Mehdipour-Ataei S, Somwangthanaroj A, Kheawhom S, Int J Hydrogen Energy 47
(2022) 41956-41973.

[10] Thompson ST, James BD, Huya-Kouadio JM, Houchins C, DeSantis DA, Ahluwalia R,
Papageorgopoulos D, J Power Sources 399 (2018) 304-313.

[11] Hermann A, Chaudhuri T, Spagnol P, Int J Hydrogen Energy 30 (2005) 1297-1302.

[12] X. Gao, J. Chen, R. Xu, Z. Zhen, X. Zeng, X. Chen, L. Cui, Int J Hydrogen Energy 50 (2024) 711—
743.

[13] A. Tang, L. Crisci, L. Bonville, J. Jankovic, J Renew Sustain Energy 13 (2021), 022701.

[14] M. Kim, C. Kim, Y. Sohn, Fuel Cells 18 (2018) 123-128.

[15] Shimpalee S, Van Zee JW, Int J Hydrogen Energy 32 (2007) 842-856.

[16] Y. Zhang, Y. Tao, J. Shao, J Power Sources 492 (2021) 229664.

[17] Yuan W, Tang Y, Yang X, Wan Z, Appl Energy 94 (2012) 309-329.

[18] W.C. Tan, L.H. Saw, H.S. Thiam, J. Xuan, Z. Cai, M.C. Yew, Renew Sustain Energy Rev 96 (2018)

181-197.

37



[19] Carton JG, Olabi AG, Energy 136 (2017) 185-195.

[20] Azarafza A, Ismail MS, Rezakazemi M, Pourkashanian M, Renew Sustain Energy Rev 116 (2019)
109420.

[21] Shin DK, Yoo JH, Kang DG, Kim MS, Renew Energy 115 (2018) 663-675.

[22] Suo M, Sun K, Chen R, Che Z, Zeng Z, Li Q, Tao X, Wang T, J Power Sources 521 (2022) 230937.
[23] J.E. Park, W. Hwang, M.S. Lim, S. Kim, C.-Y. Ahn, O.-H. Kim, J.-G. Shim, D.W. Lee, J.H. Lee,
Y.-H. Cho, Y.-E. Sung, Int J Hydrogen Energy 44 (2019) 22074-22084.

[24] Kang DG, Lee DK, Choi JM, Shin DK, Kim MS, Renew Energy 156 (2020) 931-941.

[25] Wu Y, Cho JIS, Whiteley M, Rasha L, Neville TP, Ziesche R, Xu R, Owen R, Kulkarni N, Hack
J, Maier M, Kardjilov N, Markoetter H, Manke I, Wang FR, Shearing PR, Brett DJL, Int J Hydrogen
Energy 45 (2020) 2195-2205.

[26] Liu R, Zhou W, Li S, Li F, Ling W, Int J Hydrogen Energy 45 (2020) 17833-17843.

[27] Antunes RA, Oliveira MCL, Ett G, Ett V, Int J Hydrogen Energy 35 (2010) 3632-3647.

[28] Z. Xu, D. Qiu, P. Yi, L. Peng, X. Lai, Prog Nat Sci Mater Int 30 (2020) 815-824.

[29] Lee Y-H, Li S-M, Tseng C-J, Su C-Y, Lin S-C, Jhuang J-W, Int J Hydrogen Energy 42 (2017)
22201-22207.

[30] Y. Awin, N. Dukhan, Appl Energy 252 (2019) 113458.

[31] F.-P. Ting, C.-W. Hsieh, W.-H. Weng, J.-C. Lin, Int J Hydrogen Energy 37 (2012) 13696-13703.
[32] Tseng CJ, Heush YJ, Chiang CJ, Lee YH, Lee KR, Int J Hydrogen Energy 41 (2016) 16196-16204.
[33] ljaodola O, Ogungbemi E, Khatib FN, Wilberforce T, amadan M, El Hassan Z, Thompson J, Olabi

AG, Energies 11 (2018) 3203.

38



	목차
	1. 서론 1
	1.1. 연구 배경 1
	1.2. 선행 연구 4
	1.3. 연구 목적 6

	2. 실험 7
	2.1. 금속 폼 압축 및 특성 분석 7
	2.2. 단위전지 제작 10
	2.3. 전기화학적 분석 13

	3. 실험결과 15
	3.1. 고습도 조건에서의 매니폴드 크기 영향 15
	3.2. 저습도 조건에서의 매니폴드 크기 영향 21
	3.3. 화학양론비에 대한 매니폴드 크기 영향 27
	3.3.1. 고습도 조건 27
	3.3.2. 저습도 조건 32


	4. 결론 35
	5. 참고문헌 37


